that the metabolic products comprised more than eight maijor polypeptides. Immunoblot analysis revealed 11 components which were strongly recognized by paragonimiasis antisera. These antigenic components had molecular masses ranging from less than 12.3 kDa to 144 kDa. One antigenic band of 31.5 kDa was found to give a consistent reaction with paragonimiasis antisera (97% sensitivity). Of the other patient sera, only sera from patients with Fasciola sp. infection reacted with antigenic bands of 56, 38, and 18.5 kDa. The present findings suggest that the 31.5-kDa component is sensitive and specific for the diagnosis of human P. heterotremus paragonimiasis.
Human infection with Paragonimus heterotremus has been reported in Thailand (17) . The clinical diagnosis of paragonimiasis is based primarily on the detection of Paragonimus eggs in sputum or feces, whereas serodiagnostic tests play a supportive role in clinical diagnosis. Antibody responses to P. heterotremus infection have been demonstrated in human sera by enzyme-linked immunosorbent assay (ELISA) (8, 11) . In addition, the immunoblot technique has revealed a specific parasite polypeptide from P. heterotremus somatic adult worm extract which reacted with human P. heterotremus paragonimiasis antisera (4, 9) . However, the antigenic profile of excretory-secretory (ES) products from P. heterotremus adult worms has not yet been obtained. In the present study, the ES products were analyzed to obtain this information by using the immunoblot technique and to find their value in diagnosis of human paragonimiasis.
MATERIALS AND METHODS
Parasite and antigen. Adult P. heterotremus were obtained from experimentally infected cats which had previously been fed metacercariae isolated from crabs collected from Phitsanulok Province, Thailand, an area where paragonimiasis is endemic. The worms were identified as P. heterotremus on the basis of criteria described previously (10) . Adult ES antigens were prepared from spent culture medium (proteinfree Eagle's basal medium) (GIBCO, Grand Island, N.Y.) in which the worms had been maintained as described by Tuti et al. (16) . The spent culture medium was dialyzed against saline and concentrated by vacuum dialysis. The solution was clarified by high-speed centrifugation (10,000 x g, 30 min, 4°C). The supematant fraction was aliquoted and stored at -40°C. The protein content of antigen was determined by the Folin phenol method (7) .
Serum samples. Twenty-nine paragonimiasis antiserum samples were obtained from villagers of Phitsanulok Province (located approximately 400 km north of Bangkok) * Corresponding author. whose sputa contained P. heterotremus eggs. All of these patients had a history of eating raw crabs from mountain streams in the area of endemic paragonimiasis between 3 and 6 months before blood collection. The clinical symptoms consisted of bronchitis with gelatinous, tenacious, rust-brown pneumonic-like golden flakes and blood-streaked sputum. Sera from patients with opisthorchiasis, gnathostomiasis, angiostrongyliasis, cysticercosis, thelaziasis, strongyloidiasis, or hookworm infection were obtained from parasitologically confirmed cases. Tuberculosis antisera were obtained from patients whose clinical findings were compatible with pulmonary tuberculosis. Their sputa were positive for acid-fast tubercle bacilli upon culture on Lowenstein-Jensen medium after decontamination by the sodium lauryl sulfate method (1). These sera were also reactive in immunoglobulin G-ELISA against Mycobacterium tuberculosis antigen (14).
Negative control sera were obtained from 20 healthy adults residing in areas in which paragonimiasis is not endemic. Examination of their stools by the formalin-ether concentration method (2) revealed no evidence of intestinal parasitic infections. Pooled positive and negative reference sera were prepared by combining equal volumes of paragonimiasis antisera or healthy control sera and used for observation of day-to-day variation in the immunoblot analysis.
SDS-PAGE and immunoblotting technique. Components of the metabolic worm products were resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions on a 7 to 12% gradient gel prepared by the method of Laemmli (6) (Fig. 1, lane A) . Immunoblotting with paragonimiasis antisera detected 11 major antigenic bands of <12.3, 12.3, 18.5, 27, 31.5, 38, 56, 89, 91, 123, and 144 kDa (Fig. 1, lanes B to F) . The frequencies of reactivity of each band with sera from the different patient groups are summarized in Table 1 . One prominent antigenic band of 31.5 kDa was found to react consistently with most of the sera from patients with paragonimiasis. The specificity of the ES antigen was defined further by comparing the serum reactivities with those of healthy controls, patients with other parasitic infections, and patients with pulmonary tuberculosis (Fig. 1, lanes G to M) (Table 1) . Only fascioliasis antisera were found to react with the 56-, 38-, and 18.5-kDa bands.
The sensitivity and specificity of the test for the 31.5-kDa band were 97% and 100%, respectively. Positive and negative predictive values calculated at the prevalence of disease of 32.58% were 100% and 98%, respectively.
DISCUSSION
The present study examined the antigenic components of the metabolic products of P. heterotremus. The ES antigens contained a specific 31.5-kDa antigen which reacted mainly with sera from paragonimiasis patients but not with those from patients with other parasitic infections or pulmonary tuberculosis. The results of this study are in agreement with those of our previous report, that the 31.5-kDa component from the somatic antigens of P. heterotremus has excellent sensitivity and specificity for diagnosis of human paragonimiasis (9). Sugiyama et al. (13) reported that the 27-kDa component of Paragonimus westernani might be a useful antigen for diagnosis of paragonimiasis. They also showed that the 50-kDa component was recognized by antisera from P. westermani-infected hosts but not Paragonimus miyazakiiinfected hosts. Itoh and Sato (5) showed that the 27-kDa and 33-to 37-kDa components were useful antigens for the diagnosis of paragonimiasis, whereas the 120-kDa component was a candidate for the serodiagnosis of P. miyazakii paragonimiasis. In addition, Slemenda et al. (12) demonstrated that the recognition of the 8-kDa component by a patient's serum strongly suggested infection with Paragonimus spp. Recently, Indrawati et al. (4) reported that the 35-kDa component of P. heterotremus somatic extracts appeared to be a specific antigen. The present study demonstrated great sensitivity and specificity of the 31.5-kDa component from metabolic antigens for the diagnosis of human P. heterotremus paragonimiasis. Variation in antigenic bands, reported above by different investigators, may be due to different methods of antigen preparation, antigen preparation from different species, or varying times of blood collection during the course of infection.
The demonstration of a specific 31.5-kDa antigen of P. heterotremus would lead to the development of a specific method for diagnosis of human paragonimiasis using simple serological tests, either the ELISA or the latex agglutination test, provided that the specific component of the worms is prepared, through either biochemical processes or recombinant DNA technology.
